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Bioresorbable vascular scaffolds (BVS) as the next revolution in interventional cardiology
Technical advances in percutaneous coronary intervention (PCI) have had huge impact on the treatment of coronary artery disease (CAD). Current guidelines recommend drugeluting stent (DES) implantation as the standard care in CAD patients (1) . However, even the newest generation DES have intrinsic limitations, such as the persistent risk of late stent failure, delayed chronic inflammation due to the polymer or metal components of stent, and loss of physiologic vasomotor function induced by the metal cage. Recently, BVS have emerged as an innovative tool to overcome the long-term complications of DESs. By applying a temporary scaffold, BVS provides adequate radial support to seal dissection, limit acute recoil and constrictive remodeling, whilst restoring normal vascular function after absorption.
To date, a number of BVS have been tested in clinical trials (2) , among which, the Absorb is the most-studied BVS. After safety confirmation by cohort based studies (3, 4) , a series of registry studies and randomized clinical trials (RCTs) have shown promising results for the Absorb BVS, being non-inferior to the everolimus-eluting stent (EES). BVS proved to have comparable safety and effectiveness outcomes at 1-year follow up. However interventional cardiologists are not yet comfortable in applying this novel technology daily practice because of several issues. First, there are concerns of an increased rate of scaffold thrombosis (ST). This may have been caused not only by the property of the scaffold, such as its thick 150 μm strut, but also by suboptimal deployment techniques such as the lack of intravascular imaging tool use or lack of postdilatation. Second, every doctor must pay attention to and adhere to the specific protocol of BVS deployment, which may be cumbersome and thus act as a practical hurdle in daily practice. Third, the indication for BVS is limited not only by lesion complexity but also by patients' general or local complexity. The performance of BVS has not been well tested in the complex lesions such as bifurcation or calcified tortuous lesions, or in the patients with diabetes or STEMI.
Regarding the unsolved issues discussed above, Kraak et al. discussed the 2-year outcomes of Absorb BVS in a PCI population reflecting daily clinical practice (5) . Of the 135 patients analyzed, 8% had chronic renal failure, 26% had previous PCI and 51% initially presented as acute coronary syndrome. Also, lesions included bifurcation (15%) and calcified lesions (11%). During the 2-year follow up period, event rates were cardiac death 0.7%, MI 5.3%, definite ST 3.0% and TVF 14.4%, respectively. By stratified analysis, patients who met the ABSORB II criteria and those with a SYNTAX score lower than the median value (11.5) had a significantly lower event rate.
rates after BVS were similar to that after EES in six RCTs evaluating the performance of Absorb (ABSORB II, ABSORB III, ABSORB China, ABSORB Japan, EVERBIO II, TROFI II). Also, the 1-year relative rates of the patientoriented composite endpoint did not differ significantly between BVS and EES in a recent patient-level, pooled meta-analysis including 3,389 patients with stable CAD or stabilized acute coronary syndrome (6) . Despite the current promising results, there exists a concern of the increased rate of ST. For example, several registry based results, such as the GHOST-EU and BVS-EXAMINATION registry, have reported numerically higher thrombosis rates after BVS implantation [2.1% in the GHOST-EU registry (7), 2.4% in the BVS-EXAMINATION registry (8) ]. Also, a meta-analysis including 10,510 patients concluded that those with BVS implantation were at a higher risk for ST (OR 2.06; 95% CI, 1.31-3.22, P=0.03) (9) . Until now, a few meta-analyses have shown the overall risk of BVS ST was a little bit higher than that of EES ( Table 1) . Within these studies, we could see a trend of higher ST in BVS, although the statistical significances were slightly inconsistent probably due to the different profile of included studies.
Moreover, in a recent report at the TCT 2016, the 3-year results of the Absorb II trial showed that definite or probable thrombosis was significantly higher in the BVS group than in EES group [2.8% (9/320) vs. 0.0% (0/159), P=0.03]. Interestingly, the rate of very late ST (those occurring from 1-3 years after deployment) was significantly higher in BVS than in EES [1.8% (6/320) vs. 0.0% (0/159), P=0.19], reflecting the safety concern of the dissolved or dismantled scaffold during 3 years.
R e g a r d i n g t h r o m b o s i s i n B V S , a f e w u n i q u e characteristics of BVS may contribute to the increased risk of ST. Current BVS has struts that are thicker and wider than 2 nd generation DES (10) . This leads to a greater strut protrusion, leading to a greater turbulent flow and platelet activation. Therefore, due to the physical characteristics of BVS, optimization techniques, such as intravascular imaging and high-pressure post-dilation are strongly recommended in BVS implantation (2) . The ST event rate in Kraak et al. was 3.0%, all occurring during the initial 6 months. Although the usage of intravascular imaging was not reported, post-dilatation was performed only in 55% of the total lesions, which can partially explain the high thrombosis rate. Regarding the BVS-specific technique, Puricel et al. stated that the Absorb-specific protocol significantly reduced thrombosis rate, compared to results of early BVS experience (11) . Also, results of optimal implantation using the 'Prepare the lesion, Size appropriately, Post-dilate (PSP) method' was introduced at the TCT 2016. From five RCTs of Absorb, only 10.4% (292/2,815) of the patients received optimal PSP, and this population showed decreased target lesion related outcomes and ST compared to others. Thus the clinical outcomes of recent papers on BVS that were implanted under early DES techniques are somewhat worse than EES or future results of BVS that are implanted under new PSP method. In the more recent study such as ABSORB China, the target-lesion related outcomes at 2 years were comparable between Absorb and EES. Further large scale studies with a long follow-up (ABSORB III) will give us answers to current issues comparing BVS and EES. Additionally, we should keep in mind that it takes 3 years for Absorb to be fully resolved. During the resolving period, antiplatelet therapy should be stressed, and the beneficial values of BVS, such as recovery of vasomotion, may be accelerated after the initial 3 years.
BVS to complex lesions
Most RCTs for BVS implantation were based on relatively stable patients with simple lesions. The ABSORB trials included patients with minimal comorbidities while excluded patients with history of renal insufficiency, cancer or congestive heart failure, depressed systolic function, or ongoing myocardial infarction. Also, they enrolled only simple lesions, such as, one de novo native lesion per epicardial artery, with diameter stenosis between 50% and 100%, with a TIMI flow of ≥1, whereas excluded long lesions, left main lesions, ostial lesions, bifurcation lesions, lesions with excessive tortuosity of extreme angulation or heavy calcification. This population is distinctly different from the PCI population that we usually meet in the clinic, especially in the current era where more complex coronary lesions are candidates of PCI. In the study of Kraak et al., authors showed increased clinical outcomes in those with complex clinical and lesion factors. Two years target vessel failure for patients who did not meet the Absorb criteria was 20.3%, which was significantly higher than that of patients who met the Absorb criteria.
To expand the spectrum of BVS, some recent studies have shown acceptable results of BVS in extended candidates (i.e., patients with ST elevation myocardial infarction or complex lesions such as bifurcation and left main diseases) (12, 13) . The results of BVS for offlabel indications will be assessed by ongoing large scale all-comer registries such as the FRANCE-ABSORB (15) .
Antiplatelet therapy after BVS
The adequate duration of dual antiplatelet therapy after BVS is an important issue that needs to be answered. Appropriate antiplatelet therapy should be more actively considered due to the concern of higher ST. Although various current studies support the use of DAPT <12 months in 2 nd generation DES, this should not be adopted to BVS. Based on current available data, DAPT should be used for a sufficient period, and also new P2Y12 receptor antagonists (i.e., prasugrel and ticagrelor) should be considered, especially in patients with increased thrombosis risk under the situation of acute coronary syndrome. Dismantled scaffold fragment may play a role as the nidus of very late thrombosis. Thus BVS implantation may require the stronger and longer antiplatelet therapy until the complete resolution. Considering the existence of remnant scaffold until 3-year post-implantation and the increased rate of very late ST, DAPT should be prescribed until the BVS is fully resolved. Thus, we may avoid BVS implantation in patients who require short DAPT. Along with the development of 2 nd generation BVS with thinner struts and technical advances to achieve homogenous stent expansion and apposition, the adequate duration of DAPT may also change.
Conclusions
The Absorb BVS has been shown to be safe and effective in treatment for CADs, and thus received both the CE mark and FDA approval. However, recent data of ongoing trials have presented that BVS possess several critical drawbacks that should be overcome in future developments. This includes the concern of higher ST, and the limited spectrum of application only to simple CADs because of the poor deliverability. Appropriate techniques of implantation and adequate duration of antiplatelet agents are major issues that should be solved. In order to improve clinical outcomes and expand indications of BVS, new BVS should include a stronger radial force, thinner strut, shorter resolution time than 3 years, better visibility and deliverability.
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